H
ILAR CHOLANGIOCARcinoma, sometimes referred to as a Klatskin tumor, is a rare neoplasm arising proximal to the confluence of the cystic and common hepatic ducts. 1, 2 In the United States, hilar cholangiocarcinoma has a reported annual incidence of 1 to 2 persons per 100 000 population. 3, 4 Although a subset of patients may have a hilar tumor characterized as slow growing and late to metastasize, 1,2 most patients with untreated cholangiocarcinoma have a median survival of 6 months. 5, 6 Although surgical resection is the only curative option, 5-year survival following resection of hilar cholangiocarcinoma has been reported to range from 20% to 40%. [7] [8] [9] [10] Various staging systems have been proposed to better stratify patients with regard to long-term survival following resection of hilar cholangiocarcinoma. [11] [12] [13] [14] [15] [16] [17] Currently, the American Joint Committee on Cancer (AJCC) TNM staging system 11, 12 is the most commonly used method to stage cholangiocarcinoma. The prognostic accuracy of the AJCC staging scheme has, however, been questioned. Although some authors have reported that AJCC stage is predictive of survival, 3, 18 other investigators have noted its inaccuracy. 5, 19 Recently, in the new 7th edition of the AJCC Cancer Staging Manual, 12 extrahepatic bile duct tumors have been separated into hilar and distal groups with separate staging classifications defined for each. Categorization to one of the T subgroups still, however, depends on whether the tumor is confined to the bile duct, as well as its relationship to surrounding anatomy. This may be problematic because the bile duct lacks discrete tissue boundaries and is not uniformly concentric along its length. 20 The objective of the current study was to assess the prognostic accuracy of the 6th and 7th editions of the AJCC staging systems for hilar cholangiocarcinoma. In addition, we sought to identify prognostic factors associated with survival following resection of hilar cholangiocarcinoma, with a particular emphasis on assessing the prognostic importance of depth of tumor invasion.
METHODS
From January 1, 1987, through December 31, 2009, there were 315 patients who underwent surgical resection for hilar cholangiocarcinoma at The Johns Hopkins Hospital (Baltimore, Maryland). Only patients with documented hilar cholangiocarcinoma who had at least 6 months of follow-up were included in this study. Cases with an insufficient number of slide sections containing cholangiocarcinoma were excluded for reevaluation and measurement of invasion depth. Moreover, patients who had undergone an R2-resection (ie, macroscopically positive margins) were excluded. A total of 106 patients had a sufficient number of pathologic slide sections available for reevaluation and measurement of depth of tumor invasion, and they constitute the cohort for the current study.
Data were collected on demographic characteristics; operative details; resection margin status; tumor size and grade; histologic subtype; lymph node status; presence of perineural and/or microscopic vascular invasion; invasion of adjacent liver, gallbladder, and/or duodenum; and survival status. In addition, maximal depth of tumor invasion was assessed. One pathologist (S.-M.H.), who was masked to the clinical and outcome data, re-reviewed each case to measure the depth of tumor invasion. Depth of tumor invasion was defined as the area of deepest infiltration from the mucosal surface (ie, distance from the basal lamina of the adjacent normal epithelium to the most deeply advanced tumor cells). 20 Representative images of measurement of invasion depth are depicted in Figure 1 . On the basis of sensitivity analyses, the maximum depth of tumor invasion was categorized into 2 groups: Ͻ5 mm and Ն5 mm.
Summary statistics were obtained using established methods and presented as percentages or median values. Survival time was estimated using the nonparametric product limit method (Kaplan-Meier) . 21 Differences in survival were examined using the log-rank test. Factors associated with survival were examined using univariate and, where applicable, multivariate Cox proportional hazards regression analyses. The hazard ratio and the 95% confidence intervals were estimated, and a P value less than .05 was considered significant. All statistical analyses were performed using SPSS, version 17.0 (SPSS, Inc, Chicago, Illinois), and Stata, version 10 (StataCorp LP, College Station, Texas). . On pathologic analysis, perineural invasion was present in 61 patients (57.5%), and microscopic vascular invasion was present in 18 (17.0%). Invasion into the gallbladder or adjacent liver was present in 8.5% and 22.6% of patients, respectively. The margin had microscopic disease present (R1) in 43 patients (40.6%) and was free of microscopic disease (R0) in 63 (59.4%).
RESULTS

PATIENT AND TUMOR CHARACTERISTICS
Patients were classified with regard to the extent of local disease using both the 6th and 7th editions of the AJCC staging schemes. Using the 6th edition Tclassification criteria, 11 
FACTORS ASSOCIATED WITH SURVIVAL
Overall median survival following resection was 19.9 months, with an estimated 3-year survival of 27.8%. On univariate analysis, perineural/microscopic vascular invasion, type of surgical resection, and margin status were not associated with survival (PϾ.05). In contrast, the presence of gallbladder invasion as well as tumor differentiation were associated with survival ( Table 2) . Median survival for patients with poor histologic differentiation was 13.7 months, whereas it was 21.8 months for patients with moderately differentiated tumors and 26.9 months for patients with well-differentiated tumors (PϽ.05 for both). Of note, AJCC T classification was not associated with survival. Specifically, the median survival of patients stratified according to the 6th edition of (Figure 2A) . The 7th edition of the AJCC T-classification criteria was equally poor at stratifying patients in the various T classifications with regard to survival (T1, 29.7 months vs T2, 19.9 months vs T3, 14.2 months; PϾ.05) ( Figure 2B ). In contrast, increasing depth of tumor invasion was associated with a worse outcome. Specifically, patients with a tumor depth of less than 5 mm had a median survival of 29.7 months compared with 17.7 months for patients with a tumor depth of 5 mm or greater. Similarly, 3-year survival was worse among patients with tumors of greater depth (Ͻ5 mm, 45.5% vs Ն5 mm, 20.0%; P =.01) (Figure 3) .
Increasing depth of tumor invasion was associated with an increased likelihood of certain adverse clinicopathologic factors, including lymph node metastasis, perineural invasion, and invasion of the adjacent liver (PՅ.05 for all) ( Table 3) . After controlling for competing risk factors on multivariate analysis, depth of tumor inva- Table 2 ).
COMMENT Although a relatively rare tumor, hilar cholangiocarcinoma comprises up to 50% to 70% of all cases of bile duct carcinomas. 7, 22 Hilar bile duct tumors have been traditionally staged collectively as extrahepatic bile duct tumors in the AJCC Cancer Staging Manual. There has been a growing recognition that hilar vs distal cholangiocarcinomas have a distinct biologic behavior and natural history, as well as therapeutic treatment strategy. 3, 23, 24 In turn, this finding has led the latest (7th) edition of the AJCC Cancer Staging Manual to divide perihilar and distal cholangiocarcinoma into distinct staging subgroups. 11, 12 Despite the creation of a novel staging system for perihilar bile duct cancers, the criteria for the T-classification subgroups have remained largely unchanged, with a reliance on whether the tumor is confined to the bile duct. As we and others have previously noted, however, these criteria are problematic. 17, 20, 25 Specifically, defining the extent of disease on the basis of whether the tumor is confined to the bile duct histologically may be inaccurate because the bile duct wall is not uniformly concentric along its length. Rather, the bile duct wall is characterized by varying amounts of loose connective and fibrous tissue. 26 As such, our group had previously proposed using depth of tumor invasion as a more accurate predictor of prognosis following surgical resection of cholangiocarcinoma. 20 Although our previous work suggested that depth of tumor invasion may better predict outcome, the association of tumor depth with outcome had not been examined in a cohort of patients solely with hilar cholangiocarcinoma. The current study is important because, to our knowledge, it is one of the first to attempt validation of the new AJCC 7th edition staging of perihilar cholangiocarcinoma. In addition to identifying which clinicopathologic determinants were associated with survival after resection of hilar cholangiocarcinoma, we showed that depth of tumor invasion is a better method to determine prognosis compared with the AJCC Tclassification criteria.
In the 6th edition of the AJCC Cancer Staging Manual, hilar and distal cholangiocarcinomas were staged using the same scheme. Specifically, tumor location within the bile duct was used to categorize patients into different prognostic groups. For example, T classifications were, in part, dependent on whether the tumor invaded through the bile duct and into adjacent structures, such as the liver or pancreas. In a cohort of 87 patients with cholangiocarcinoma, Burke et al 15 reported that the 6th edition of the AJCC scheme was not a robust predictor of prognosis. Specifically, in this series, the difference in survival between patients with T1 and T3 lesions was marginal (P=.05), and there were no differences in long-term outcome among patients with T3 and T4 lesions. In a separate study of 42 patients with cholangiocarcinoma, Zervos et al 5 noted that the 6th edition of the AJCC T subgroups was not associated with survival following resection (PϾ.05 for all). In the current study, with a cohort of patients who had hilar cholangiocarcinoma exclusively, we similarly noted that the 6th edition of the AJCC T-classification criteria failed to stratify patients with regard to prognosis following resection ( Figure 2A ). However, unlike other studies, we were also able to examine the new 7th edition of the AJCC staging system for hilar cholangiocarcinoma. Although the establishment of a separate, dedicated staging system for hilar cholangiocarcinoma in the 7th edition of the AJCC Cancer Staging Manual was a needed improvement, our data strongly suggest that the new staging system fails to perform any better ( Figure 2B ).
Several groups, including our own, have suggested that depth of tumor invasion may be a much better predictor of survival among patients undergoing resection of cholangiocarcinoma. 20, 25, [27] [28] [29] In a small series of 37 patients with hilar cholangiocarcinoma, Hidaka 28 noted that a greater histologic depth of invasion tended to be associated with a worse long-term outcome. In a separate study, Nagahashi et al 29 reported that long-term outcome after resection of extrahepatic cholangiocarcinoma was associated with depth of tumor invasion. Specifically, patients with mucosal tumors had a better prognosis compared with that of patients with fibromuscular layer-invasive tu- mors. We similarly noted that depth of tumor invasion was an important predictor of survival. Whereas the median survival was 29.7 months for patients with a tumor depth of less than 5 mm, the median survival of patients with a tumor depth of 5 mm or greater was only 17.7 months (Figure 3 ). Not only does the current study serve to independently confirm depth of tumor invasion as an important prognostic factor, but we were able to examine its effect on survival more rigorously. Because previous data were limited by small sample size and lack of statistical power, previous authors were not able to assess depth of tumor invasion relative to other competing risk factors such as tumor grade, microscopic vascular invasion, or invasion into adjacent structures. In the current study, however, multivariate analyses were performed that controlled for these possible confounders, which in turn showed depth of tumor invasion to remain as a strong and independent prognostic factor ( Table 2) .
The reasons that depth of tumor invasion may be a better predictor of survival compared with the AJCC staging are probably multifactorial. It is important to note that neither the 6th nor the 7th edition of the AJCC Tclassification subgroups necessarily correlated with depth of tumor invasion. In fact, some T2 tumors were noted to have a greater depth of tumor invasion compared with that of certain T3 tumors (Figure 1 ). Some have argued that a cholangiocarcinoma characterized by less depth of tumor invasion but involvement of the adjacent liver (T3) may have a better biologic behavior than tumors of greater tumor depth that lack adjacent liver invasion. 20 Invasion of the liver may be more of an anatomic determinant, whereas depth of tumor invasion may be more of a biologic determinant. Our data seem to support this theory because greater depth of tumor invasion was associated with an increased likelihood of having other adverse pathologic factors (Table 3) . Patients with a greater depth of tumor invasion were more likely to have lymph node metastasis, perineural invasion, and invasion of the adjacent liver. Although greater depth of tumor invasion was associated with adverse biologic factors and thus, not surprisingly, a worse overall survival, even after controlling for these factors, tumor depth remained one of the best predictors of survival.
The current study has several limitations. Because only patients with adequate follow-up and who had slides available for re-review were included in the study, there may have been a selection bias. There is no reason, however, to suspect that selection of such patients would have resulted in a systematic selection bias that would have affected our primary analysis of tumor depth and survival. Despite our hospital's having one of the largest hepatobiliary experiences in the country, only 106 patients were included in the current study. The lack of association between perineural/microscopic vascular invasion and margin status on outcome may therefore be related to a lack of statistical power. In addition, although the relatively small number of patients in the current study may have been unable to detect small differences in survival among the AJCC T-classification subgroups, the fact remains that depth of tumor invasion was a better predictor of prognosis. Of note, the incidence of R1 resection in the current series was higher than that reported by many other hepatobiliary centers. 16, 30, 31 The reason for this finding is probably multifactorial but is likely due to our past institutional approach of performing only an extrahepatic bile duct resection for hilar cholangiocarcinoma. More recently we have adopted routine liver resection for hilar cholangiocarcinoma, which has been shown to improve R0 resection rates. 8, [31] [32] [33] Interpretation of our data needs to be considered in light of this outcome. Finally, we did not analyze other less frequently used staging systems for hilar cholangiocarcinoma, such as the Blumgart/ Memorial Sloan Kettering Cancer Center staging system. [15] [16] [17] Rather, in the current study we sought to examine the much more widely used AJCC staging system, with a particular emphasis on assessing the new 7th edition relative to depth of tumor invasion.
In conclusion, both the 6th and the newer 7th editions of the AJCC T classification criteria poorly stratified patient survival following resection of hilar cholangiocarcinoma. Depth of tumor invasion was a better predictor of long-term outcome and was associated with other adverse biologic tumor characteristics. Even after controlling for these other competing risk factors, depth of tumor invasion remained a strong predictor of survival. Therefore, depth of bile duct carcinoma invasion appears better than the current AJCC staging of hilar cholangiocarcinoma.
